Background/Aims: Despite the high rate of rejection, allograft failure and patient mortality in the early years of renal allotransplantation, some patients have done-remarkably well. We report here on 62 renal transplant recipients out of 144 patients (43%) who had functioning grafts for more than 15 years (range 15-24 years). Materials: Demographic and follow-up data for patients fulfilling the criteria were reviewed. These patients include 43 males and 19 females, with a mean age at transplantation of 27.5 B 6.6 years (range 9-43 years), and mean donor age of 30 B 8.6 years. The donor source was 8 parents, 49 siblings and 5 unrelated. The main causes of end-stage renal disease were chronic pyelonephritis and chronic glomerulonephritis. Twenty-nine patients were treated with cyclosporine (CsA) while 33 patients were primarily immunosuppressed by steroids and azathioprine. Results: Acute rejection episodes occurred in 40 patients (64.3%), out of them 19 patients experienced two or more acute rejection episodes. Univariate analysis showed that recipient and donor age, HLA-DR matching, pre-and post-transplant hypertension, ATN, delayed diuresis and chronic allograft nephropathy are significant risk factors; while recipient age, delayed diuresis and post-transplant hypertension were still significant by multivariate analysis. Conclusions: We concluded that renal transplantation, even in its earliest years and despite the numerous complications, has provided 15 or more years of near-normal life to patients with endstage renal disease. Certain characteristics of long-term renal allograft survivors include young donor/recipient pairs, good DR matching with less pre-and post-transplantation prevalence of hypertension.
Introduction
Kidney transplantation restoring continuous renal functions represents the most physiological replacement therapy for end-stage renal disease. The goal of renal transplantation is to relive patients of the burden of dialysis and to allow returning to productive life. When compared with patients on dialysis, recipients of successful transplants enjoy a higher quality of life, which for obvious reasons is directly linked to the continued function of the graft [1] .
During the last two decades, a significant progress has been achieved in the graft and patient survival rates after renal transplantation [2] . Although numerous studies on 5-and 10-year survival of kidney grafts and their recipients have been published, data at 15 years or more are scarce. The factors influencing long-term survival of the graft are still being debated and the only fully accepted one is kidney origin, i.e. living donor surviving longer than cadaver. As the goal of transplantation should not be to provide a patient with a functioning graft for only 1 or 2 years but rather to offer a long-term resolution of the renal disease, we have analyzed the characteristics, nature of complications observed and factors which may influence long-term live-donor allograft survivors with an allograft that functioned for 15 years or more after renal transplantation.
Patients and Methods

Patients
Between March, 1976 and December 31, 1985, a total of 144 livedonor kidney transplants were performed at the Urology and Nephrology Center, Mansoura University. Of these, 62 kidney transplant recipients with a functioning graft for at least 15 years were the material of the study. Details of demographic data and surgical techniques and follow-up data were reviewed.
Pre-Transplantation Work-Up
Pre-transplant data were collected regarding schistosomal infection, original kidney disease, presence of hypertension, donor source, transplant received, blood group, and number of blood transfusions.
Immunological Work-Up
The HLA profile of our kidney transplant recipients has been analyzed. Tissue typing for class I and II antigens was done by the lymphocytotoxicity test. Lymphocytes were isolated from whole peripheral blood by density-gradient centrifugation on Ficoll-Hypaque class I typing was done using the complement-dependent lymphocytotoxicity test: NIH standard method. Class II typing was performed on B cells which were isolated by immunomagnetic beads.
Immunosuppression Protocols
Our immunosuppressive protocols have previously been described in detail [3] [4] [5] from 1970s till the 1990s. All patients, before 1983, received azathioprine (2-3 mg/kg/day) and prednisolone (2 mg/kg/day, with subsequent tapering of the dose till 0.5 mg/kg/day after 1 month). After 1983, other protocols were evolved over time. Cyclosporine (CsA) was introduced, with two main protocols CsA 12 mg/kg/day and prednisolone, or triple therapy CsA (10 mg/kg/ day, prednisolone and azathioprine (1 mg/kg/day). Cyclosporine dose was adjusted to keep the CsA trough level between 200 and 400 ng/ml in the first 2 months and between 125 and 175 ng/ml thereafter. The CsA trough level was measured at first using Radio-Immune Assay Kits, Sandoz, Basel, Switzerland, and then using monoclonal specific antibody, Abbott, USA. In 1990s, tacrolimus (0.15 mg/kg twice daily and/or mycophenolate mofetile (MMF) 2 g/day were introduced as rescue therapy in some cases or to replace either CsA or azathioprine as a result of their side effects. The tacrolimus dose was adjusted to achieve a trough level between 5 and 10 ng/ml.
All acute rejection episodes were documented by histopathological examination and treated by methylprednisolone pulses 500 mg/ day for 5 days. Steroid-resistant rejection was treated by antibody therapy, antithymocyte globulin, or orthoclone (OKT3).
Follow-Up Data
Follow-up data were obtained for all patients and all medical or surgical complications were recorded.
The date of transplant failure was defined as the earliest time of return to chronic dialysis or death with of functioning graft. Patients who had a functioning graft for 15 years or more were compared to kidney transplants in the same period (range 15-24 years) with respect to the following factors: recipient age and sex, donor relation, donor age and gender, HLA-A, -B, -DR mismatching, transplant number, pre-transplant blood transfusions, cause of end-stage kidney disease, primary and secondary immunosuppression, immediate diuresis, ischemia time, frequency and severity of acute rejection episodes, chronic allograft nephropathy, recurrence of original kidney disease and finally medical or surgical complications.
Statistical Analysis
Statistical analysis was carried out using IBM-compatible computer SPSS/PC for windows version 7.5 (SPSS Inc. Chicago, Ill., USA). For univariate analysis, Student's t test and ¯2 test were used. Multivariate analysis was carried out using Cox logistic regression. Differences were compared using the log-rank test. p ! 0.05 was considered significant.
Results
Demographic characteristics of long-term allograft survivors show that most of the recipients were males in their middle age. Only one donor was aged more than 50 years. The causes of end-stage kidney disease were possible in 41 patients. Histopathological diagnosis of membranous nephropathy was settled in 5 cases and mesangiocapillary glomerulonephritis type 1 in 2 cases.
The immunological variables demonstrated that more than 92% received grafts from related donors. Unrelated donors were asked in 3 cases -because of hereditary disease such as polycystic kidney (2 cases) and hereditary nephritis (1 case). More than 88% of patients received grafts from donors with the same blood group. In our group of long-term allograft survivors, we observed that more than 70% of patients received pre-transplantation blood transfusion, and more than half of them received between 1 and 5 units.
Acute rejection episodes occurred in 40 patients (64.5%). Twenty-one patients had one acute rejection episode. The acute rejection episodes were reversed success- fully with the return of serum creatinine levels to baseline in 72% of the cases. Post-transplant hypertension (1150/90 mm Hg) was diagnosed in 33 patients (53%). Hypertension was more frequent in patients with serum creatinine levels greater than 2 mg/dl, patients treated with CsA than in conventional group (19 vs. 14, p = 0.07).
Post-transplant diabetes mellitus was diagnosed in 14 patients (23%). Nine of them had a family history of diabetes mellitus. In 6 patients, insulin therapy was required, Malignancy developed in 4 patients (6.5%), which included 2 patients with Kaposi's sarcoma, 1 breast carcinoma and 1 cancer of the head of the pancreas. The mean latency period for development of malignancy was 125 B 62.5 months (range, 36-172 months) post-transplantation.
Fourteen patients (23%) developed at least one attack of infection during the post-transplantation course. Although the majority of these were upper respiratory tract or urinary tract infections, serious infections were encountered in 5 cases: bacterial pneumonia in three, cytomegalovirus (CMV) in one, and disseminated coccidiomycosis fungal infection in one. Mycobacterium tuberculosis was not diagnosed in our cases.
We compared the long-term surviving patients with patients who were transplanted during the same period and had lost their grafts. The results show that recipient age intervals, donor age, pre-and post-transplant hypertension, chronic rejection and HLA-DR matching have a statistically significant impact on long-term graft survival (p ! 0.05). Multivariate analysis demonstrated that recipient age, immediate diuresis and post-transplant hypertension are significant risk factors affecting the long-term allograft survival (table 3) .
Patients with long-term renal allograft function were compared according to the primary immunosuppression; conventionally (prednisolone and azathioprine) treated (n = 33) and cyclosporine-treated patients (n = 29), data showed that that post-transplant hypertension is, though not statistically significant, more prevalent in CsA-treated patients (p = 0.07), and the mean serum creatinine at the current follow-up visit was statistically significantly higher in the CsA-treated group (p ! 0.05).
Discussion
During the last two decades, significant progress has been achieved in the graft and patient survival rates after renal transplantation [2] . Among nearly 100,000 renal transplants performed between 1982 and 1996 in the United States, the half-life for cadaver and living-related allografts had improved to 13.8 and 21.6 years, respectively [6] . In our center, the first renal graft was implanted in March, 1976 and since then more than 1,350 livedonor kidney transplantations were performed. Therefore, the true success of organ grafting should be judged by its long-term benefit to patients and we have analyzed the results of all patients who received successful kidney grafts that functioned for 15 years or more.
Our results show a 15-year graft survival rate of 43%. Tanabe et al. [7] , found that 719 CsA-treated kidney transplant recipient out of a total of 1,024 (70%) had functioning grafts at the end of the observation period, from 1.6 up to 14.5 years, while Kyllonen et al. 2001 [8] , reported on 107 patients of 824 kidney transplants (15%) who had functioning grafts for longer than 20 years.
The incidence of various long-term complications seen in our series is similar to those reported previously in patients with graft survival of 10 years or more [9] [10] [11] [12] [13] . Hypertension was the most common complication that occurred in 53% of the patients. The overall prevalence of hypertension among kidney transplant recipients ranges in most series between 70 and 80% [14, 15] . In our series, we observed that post-transplant hypertension was more prevalent in CsA-treated patients, and in parallel with rising serum creatinine. Long-term allograft and patient survival may be negatively influenced by post-transplant hypertension. In a large study of nearly 30,000 renal transplant recipients the presence of hypertension was significantly associated with allograft loss [15] . Our data prove that post-transplant hypertension has a deleterious effect on renal allograft survival by univariate and multivariate analysis. Several reports described the role of pre-transplantation hypertension in the development of hypertension after transplantation [15] .
Post-transplant infections were common among our long-term allograft survivors (23%). Urinary tract infection was the most common infection, and had no significant morbidity. Severe bacterial pneumonia was responsible for mortality in all cases that died with functioning grafts. Hence, while death with a functioning graft was responsible for graft failure in only 8% in our series, posttransplant infection still contributed strongly to this mortality. In reviewing the cause of death after transplantation, Briggs [15] , found that infection in the recent past accounted for 15-20% of deaths following transplantation. It may be argued that even with our patient selection, prophylactic measures and effective treatment, the rate of infection is still high in our patients, which may be attributed to the bad habits related to the low socioeconomic status and poverty of some of the people in our developing country.
Although diabetes mellitus developed in 14 patients (23%) during the post-transplantation course, it had no significant impact on graft survival. Interestingly, 1 patient developed de novo diabetic glomerulosclerosis 12 years after the diagnosis of diabetes.
In our series, there was a noticeable effect of recipient and donor age, HLA-DR mismatching, pre-and posttransplantation hypertension, and chronic allograft nephropathy on the long-term graft outcome. These results obtained were comparable with others [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] but with some conflicting data which may be related to the center effect or difference between living and cadaveric renal transplant outcome.
Although several studies implicate acute rejection as the major risk factor for chronic allograft failure [6, 13, 16, 18] , not all other studies agree [19, [25] [26] [27] . Berczi et al. [26] reported that a single acute rejection in the early post-transplant period has no major effect on long-term graft survival. Verghese [20] , in 1999, found that there was a well-documented relationship between the intensity, frequency, late rejection and resolution of prior episodes of acute rejection and long-term chronic allograft dysfunction. In our patients, though they had a lower frequency and severity of acute rejection episodes, they did not reach statistically significance. Moreover, most of these episodes, in the survival group, were in the early period after transplantation. Long-term allograft success occurred in spite of these early acute rejection episodes at that time, may be related to the better correlation between the increase in serum creatinine and acute rejection in the pre-cyclosporine era, thus facilitating early diagnosis and successful treatment of these episodes.
The issue of HLA matching and long-term graft survival in living-related donor transplantation is still not clear. Our data show a significant impact of DR matching and El-Agroudy/Bakr/Hassan/Ismail/ Ali-El-Dein/Shehab El-Dein/Ghoneim long-term graft survival but a poor correlation between HLA-A and -B matching and graft survival. Many authors did not find a correlation between HLA-A, -B matching and long-term survival in living donor kidney transplantation [18, 29, 30] , while some studies confirm this correlation [31, 32] .
Recipient age is another factor said to influence longterm graft survival. In the UNOS registry report, they found that recipients over the age 60 years and under the age of 19 had poorer graft survival, and when the recipients was over age 60 years, more than 60% of graft failure were accounted for by death with graft function [33] . In living-related renal transplants these findings could be confirmed [18] , while the same trend was not argued by some other authors [29] . The determinant effect of recipient age could be elucidated by our study on long-term survivors by multivariate analysis.
Kidney transplants from older live donors is sill controversial [18, 27, 32] . In our series of graft surviving patients, we could confirm that donor age was a significant predictor of graft survival by univariate analysis. It has been accepted that declining nephron mass in the aged kidney may limit the functional life term of the older donor's kidneys.
The initial immunosuppressive protocols regardless of protocol changes that were made later was analyzed in the graft-surviving group (intension to treat). Patients on cyclosporine-based immunosuppression clearly didn't show any significant benefit on long-term graft survival than patients on azathioprine and steroids (p = 0.7). Our data are in agreement with many other studies [35, 36] which make it clear that CsA has contributed to the dramatic improvement of 1-year graft outcome, but its impact on long-term graft survival is questionable.
In conclusion, renal transplantation, even in its earliest years and despite the numerous complications, has provided 15 or more years of near-normal life to patients with end-stage renal disease, who otherwise would have been dialysis dependent. In our series, the chronic allograft nephropathy constitutes the most important cause of graft loss. Interestingly, young donor/young recipient pairs with good DR matching were significantly more frequent long-term allograft survivors with less pre-and post-transplantation prevalence of hypertension which may reflect the better general conditions of these kidney recipients. For recipients with early acute rejection, favorable histological results and return of serum creatinine levels to baseline have been reported to predict good long-term graft outcome.
As with any retrospective study, the present results should be interpreted with caution. In retrospective analysis, it is always difficult to know when clinical associations represent true cause-and-effect relationships. Nevertheless, our results suggest a number of factors, which may effect long-term renal allograft survival. These factors may define patients who are most likely to develop chronic allograft dysfunction and may make it possible to select high-risk patients for potential therapeutic interventions.
